
(30) Priority Data: 
9714990.0 



16 July 1997(16.07.97) 



GB 



(71) Applicant (for all designated States except US): APPL1FD 

a^oZ^' 3050 B ° wers ~ S 

(72) Inventor; and 

(75) Invemor/Applicanr (for USonly): WELLS. Stephen (GB/GB1 

(74, Aficnt: CROSS Rupcn. Edward. mount; Boul. Wade Tcnmuu 
27 Fum.val Street. London EG1A I HQ (GB). 



Published * j 
With international search report. I 
Before $e expiration of the time limit for attending ,l le ' 

be repub,ished in the — °'"« ««<>» 4 : 

i 



(54) Title: POWKR CONTROL APPARATUS FOR 



AN ION SOURCE HAVING AN INDIRECTLY HEATED CATHODE 



Aft/Mr 



(57) Abstract 




power SU pp.y which provides . bias pottntial bctw^nThe SLti^Z^! " l"*™ 1 ' heated cathode - ,he "thode bias 

; the electron flow in the region between the filament a^d the c*ta£ , *"* " effeCted by chan 8« in ™pedance of 

matenals ,n th.s reg.on. changes in gas pressure or^SS ch™~ ItoJZ^f?"*' ?" "** dUe t0 in lhe of 

maintains the output power of the cathode bias power suddW X'J , a P i , k SUPP ' y c ° mroller «* power control apparatus 
electron flow between the filament and the indinJ^Ko^Se ' ™* by ChangCS in im P edan « ° f the 



FOR TtlE PURPOSES OF INFORMATION ONLY 



Codes used to identify Slates party to the PCT on the front pages of pamphlets publishing international applications under the PCT. 



A I. Albania 

AM Armenia 

AT Aiiirm 

AU Australia 

A7. Azerbaijan 

BA Bosnia and Herzegovina 

OB Barbados 

BE Belgium 

BF Burkina Fuo 

BC Bulgaria 

BJ Benin 

BR Brazil 

HY HeUrus 

CA Canada 

CF Central African Republic 

CC Congo 

CH Switzerland 

CI C6te d' I voire 

CM Cameroon 

C.N China 

CU Cuba 

CZ Czech Republic 

I>K Oennany 

DK Denmark 

EE Eaton i a 



BS 


Spain 


LS~ 


n 


Finland 


LT 


FR 


France 


LU 


CA 


Gabon 


LV 


CB 


United Kingdom 


MC 


GE 


Georgia 


MD 


GH 


Ghana 


MG 


GN 


Guinea 


MK 


CR 


Greece 




HU 


Hung try 


ML 


IE 


Ireland 


MN 


IL 


Israel 


MR 


IS 


Iceland 


MW 


IT 


Itary 


MX 


JP 


iapa.*t 


NX 


KE 


Kenya 


NX 


KG 


Kyrgyzstan 


NO 


KF 


Democratic People's 


NZ 




Republic of Korea 


PL 


KR 


Republic of Korea 


PT 


KZ 


Kauaiuun 


RO 


LC 


Saint Lucia 


RU 


U 


Ijechierotein 


SD 


LK 


Sri Lanka 


SE 


LR 


Liberia 


SG 



Lttacpihcmrg 
Urvia 



Republic of Moldovt 

Madagascar 

The farmer Yugoslav 

RepubUc of Macedonia 

Mali 



Mauritania 
Malawi 

Mexico 
Niger 

Netherlands 



New Zealand 

Poland 

Portugal 



Russian Federation 



St 


Slovenia 


SK 


Slovakia 


SN 


Senegal 


sz 


Swaziland 


TD 


Chad 


TG 


Togo 


TJ 


Tajikistan 


TM 


Turkmenistan 


TR 


Turkey 


TT 


Trinidad and Tobago 


UA 


Ukraine 


UG 


Uganda 


US 


United States of America 


HZ 


Uzbekistan 


VN 


Viet Nam 


YU 


Yugoslavia 


ZW 


Zimbabwe 



Sweden 
Singapore 



WO 99/04409 



PCT/GB98/02075 



POWER CONTROL APPARATUS FOR AN ION SOURCE 
HAVING AN INDIRECTLY HEATED CATHODE 



The present invention is concerned with power 
control apparatus for ccntroUing the power supplies 
of an lo „ source having an indirectly heated cathode 

Hot cathode ion sources are well known and 
delude for example the so called Freeman ion source 
and the so called Bernas ion source. These ion 
purees include a filament cathode which is directly 
heated by passing a current through the filament from 
a filament power supply. The ion source comprises an 
arc chamber containing the filament and to which a 
supply of gas or vaporised material is supplied. Once 
he cathode filament has been heated sufficiently with 
the filament current, thermionic electrons are emitted 
by the cathode. if the cathode is held at a 
substantial negative potential relative to an anode 
electrode in the arc chamber, a plasma is formed in 
=ne arc chamber with an arc current flowing between 
the cathode and the anode electrode. Typically, the 
anode electrode is in fact formed by the walls of the 
arc chamber. 

In the plasma so formed in the arc chamber, 
molecules of the feedstock gas or vapour are ionised 
and these positive ions are extracted from the arc 
chamber through an aperture by an extraction electrode 
held at a negative potential relative to the a-c 
chamber. The extracted ions may then be used to form 
an ion beam which may have a number of applications. 
One important application is m ion beam implantation 
where beams of ions of desired dopant materials are 
airected at semiconductor substrates (wafers) in orde~ 
to implant the dopant in the semiconductor to provide' 
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desired conductivity conditions. 

A Freeman type ion source, especially for ion 
beam implantation apparatus, is disclosed in 
US -A- 4 5 78 58 9. The Freeman ion souitee includes a 
filament power supply to provide a heating current 
through the cathode filament, and an arc power supply. 
US-A-4754200 discloses a method of controlling the 
power supplies to optimise performance of the ion 
source, especially in its application in an ion 
implantation apparatus. 

US-A-S262652 discloses a Bernas-type ion source 
in an ion implanter application. Again the 
Bernas-type source has a directly heated cathode 
filament with a filament power supply to provide a 
heating current through the filament, and a separate 
arc power supply to provide a desired arc potential 
between the filament and the anode or arc chamber 
body . 

The above mentioned US-A-4754200 discloses 
circuits for controlling the ion source power 
supplies. Thus, it is known to apply a constant arc 
voltage between the filament and the arc chamber body 
(or anode) and then to adjust the filament supply to 
achieve a desired arc current. It is also known to 
control the filament power supply by means of a power 
demand signal, i.e. to achieve an output power from 
the filament power supply in accordance with an input 
power demand signal, where the filament input power 
demand is derived from an error in the arc voltage, 
the arc current being held constant. 

US-A- 54 97006 discloses an ion source of the 
Bernas-type, but with an indirectly heated cathode. 
In this arrangement, the cathode in the arc chamber of 
the source is formed of an electrically conductive 
button- like member which is indirectly heated from a 
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separate filament: located behind ch* button on Che 
opposite side relative to the main plasma chamber of 
che ion source. The source includes not only an arc 
power supply and a filament power supply. buc also a 
cathode bias power supply which provides a required 
bias potential between the filament and the cathode 
outtcn. In operation, the filament is biased 
negatxvely relative to the cached* button so that 
electrons thermionically emitted by the filament are 
accelerated to strike the rear face of the button 
tnereby heating the button cathode so that this 
cathode in turn emirs electrons into the plasma 
cnanber to initiate or maintain the plasma arc of the 
source . 

This arrangement with an indirectly heated 
cathode, ia the icn source greatly extends the life of 
the ion source before it is necessary to change either 
the cathode itself or the cathode heater filament, 
•he above form of ion source with an indirectly heated 
cathode will be referred to hereinafter as an 
indirectly heated cathode -type ion source as 
Hereinbefore defined. 

US-A-5497006 discloses an ion source having a 
filament power supply unit, a cathode bias powe- 
suppiy unit and an arc power supply unit, and a power 
control apparatus for controlling these power 
supplies. m the U.S. specification, programmable 
power supply units are used fcr each of these 
supplies. The arc power supply unit is controlled to 
provide an output arc voltage in accordance with an 
input voltage demand level. The bias voltaae applied 
between the cathode button and the filament by the 
cathode bias power supply unit is set in accordance 
with the difference between a desired arc current and 
tne measured current delivered to the arc by the arc 
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power supply, so as to minimise this difference. 
Thus, if the arc current is below the demand value, 
the cathode bias supply voltage is increased to 
increase the heating energy deliveifed to the cathode 
5 button, thereby to reduce the impedance of the plasma 
m the arc chamber and consequently to increase the 
arc current. The filament power supply in US'006, is 
in turn controlled to keep the current delivered by 
the cathode bias power supply equal to a desired level 
10 of current. Thus, the current from the cathode bias 
power supply is maintained at a required demand level 
by increasing or decreasing the voltage applied by the 
filament power supply to the filament. 

The present invention sets out to improve the way 
in which the various power supplies of an indirectly 
heated cathode-type ion source are controlled, to 
improve stability, to maximise source life, and to 
provide quick response especially in terms of control 
of the plasma arc of the source. 

According to one aspect of the invention, power 
control apparatus for controlling power supplies of an 
indirectly heated cathode-type ion source as 
hereinbefore defined, having a filament power supply 
unit, a cathode bias power supply unit and an arc 
power supply unit, comprises a bias supply controller 
responsive to a difference between a parameter of the 
arc power supply and a demand value of said parameter 
to produce a bias power demand signal representing an 
output power of the bias power supply unit required to 
minimise said difference and is further responsive to 
said bias power demand signal to maintain said output 
power of said bias power supply unit at said required 
power . 

Because the bias supply controller operates to 
3 5 maintain the output power of the cathode bias power 
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supply unit at a required level, cne power delivered 
co the cathode is not effected by changes in impedance 
of the cathode bias load, that ia the impedance of the 
electron flow in the region between*che filament and 
Che indirectly heated cathode itself. Such impedance 
changes can arise due to changes in the chemistry of 
materials in this region, changes m gas pressure or 
physical changes, for example. 

In prior art control arrangements, where for 
sample, the output voltage of the cathode bias power 
supply is directly controlled, a change in the cathode 
bias _oad impedance produces a change in the cathode 
bias current, and therefore a change in the power 
delivered tc the cathode from the cathode bias power 
supply unit. in the prior art arrangement disclosed 
in US-A-549700G, this change in cathode bias power 
™st be compensated for by adjusting the filamenc 
power supply in order to return the cathode bias 
current to a required value, with this arrangement of 
the invention the output power of the cathode bias 
power supply un ic is direct!., controlled to match a 
demand value, so chat a chance m bias load imoedance 
aoes not require external compensation to keep the 
power delivered to the bias lead at the demand value. 

The arc power supply parameter used to produce a 
bias power demand signal may be either the output' 
voltage or the output current of the arc power supply 
-nit. depending whether the primary control input to 
cr.e arc power supply unit is an arc current demand 
signal or an arc voltage demand signal. Conveniently, 
Che aoove power control apparatus is used with a 
cathode bias power supply unit which orovides a bias 
voltage feedback signal representing the output 
voltage of the supply unit and a bias current feedback 
sigr.ai representing the output current of the supply 
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Che bias supply controller Chen including a bias 
multiplier deriving- a bias power feedback signal from 
the product of said bias voltage and bias current 
feedback signals, a bias power comparator deriving a 
bias power error signal from the difference between 
said bias power feedback signal and said bias power 
denand signal, and a bias power error conditioning 
filter, including an integrator, to condition said 
bias power error signal to apply as an output control 
signal to said cathode bias power supply unit, to 
control the output of the supply unit to reduce said 
bias power error signal. In this way, a relatively 
fast bias power control loop is formed which ensures 
that the output power supplied by the cathode bias 
power supply unit is maintained at the level 
determined by the bias power demand signal. 

Also conveniently, said bias supply controller 
includes an arc parameter comparator deriving an arc 
parameter error signal from said difference between 
said arc parameter and said demand value of said arc 
parameter, and an arc parameter error conditioning 
filter, including an integrator, to condition said arc 
parameter error signal to provide said bias power 
denand signal . 

The present invention also provides power control 
apparatus for controlling power supplies of an 
indirectly heated cathode-type ion source, as 
hereinbefore defined, having a filament power supply 
unit, a cathode bias power supply unit and an arc 
power supply ur .it, the apparatus comprising a filament 
supply controller responsive to an error in a 
parameter of the bias power supply relative to a 
desired value of said parameter to produce a filament 
power demand signal representing an output power of 
the filament power supply unit required to minimise 
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said error and is further responsive to said filament 
power demand signal to maintain said output power of 
saia filament power supply unit at said required 
power . • 

This filament power supply controller may be used 
either together or independently of 'the bias supply 
controller described above. The above described 
filament supply controller provides the advantage of 
ensuring that the power delivered to the filament is 
directly controlled and is therefore independent of 
changes ir. filament impedance, which tends to rise 
during the life of the filament. 

In the example of the prior art described in 
U3-A-S497006. only the output voltage of the filament 
power supply unit is controlled. As a result, an 
increase in the filament impedance produces a 
reduction in filament current and a corresponding 
reduction in the power delivered to the filament. No 
provision is made for internal compensation for this 
change in filament impedance to maintain filament 
pow^r. Instead in the prior art U.S. specification, 
tr.e reduction in filament power will presumably 
produce an increase in the cathode bias impedance 
producing in turn a reduction in cathode bias current 
which will eventually produce an increase in the 
voltage demand signal applied to the filament power 
supply to compensate. However, the control loop 
disclosed in the prior art U.S. patent requires a 
reduction in the cathode bias current, and therefore 
cower delivery to the cathode, which can in turn 
effect the plasma arc in the main arc chamber of the 
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The above apparatus may conveniently be used with 
a filament power supply unit which provides a filament 
voltage feedback signal representing the output 
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voltage of the filament supply unit and a filament 
current feedback signal representing the output 
current filament supply unit, the filament supply 
controller then including a filamertt multiplier 
5 deriving a filament power feedback signal from the 

product of said filament voltage and filament current 
feedback signals, a filament power comparator deriving 
a filament power error signal from the difference 
between said filament power feedback signal and said 

10 filament power demand signal, and. a filament power 
conditioning filter including an integrator, to 
condition said filament power error signal to apply as 
an output control signal to said filament power supply 
unit to control the output of the supply unit to 

15 reduce said filament power error signal. Thus, there 
is provided an internal control loop which ensures the 
output power of the filament power supply is 
maintained at the demanded level. 

The filament supply controller preferably 

20 includes a bias parameter error conditioning filter 

including an integrator to condition a bias parameter 
error signal to provide said filament power demand 
signal . 

The bias power supply parameter used above may be 

2 5 the output voltage of said cathode bias power supply 

unit, in which case said error is the difference 
between said output voltage and a desired value of 
said output voltage. Instead the bias power supply 
parameter may be the output current of said cathode 

3 0 bias power supply unit, and then said error is the 

difference between said output current and a desired 
value of said output current. 

Preferably, however, said bias power supply 
parameter is the impedance of the load supplied by the 
3 5 cathode bias power supply unit. 



WO 99/04409 



PCT/CB98/02075 



- 9 - 



Drn *Y " UrCher as P ecc of th * invention, there is 
provided power control apparatus for controlling power 
suppnes of an indirectly heated cathode-type iln 
source as hereinbefore defined, having . filament 
Power supply unit, a cathode bias power supply unit 
and an arc power supply unit, the apparatus comprisina 
filament supply controller responsive to a signal " 

la 6 !?";; 1 " 9 imP6danCe ° f i03d SU ^ lied "> the 
IZT* blaS . P ° Wer SUPPly - -3u.t said fiW 

supply to maxntaxn said bias load impedance at a 
oesxred value. This filament sup?ly mmll „ may be 
used xn conbxnation with the above described bias 
supply controller, or independently. 

By controlling the filament power supply to 
maxntain the impedance of the cathode bias load 
constant, there is no need for a separate externally 
derxved cathode command signal to provide control of 
the cathode bias load impedance. By maintaining the 
cathode bias load impedance substantially constant 
even for variations in the required arc power, the' 
gam xn the power control loop for the cathode bias 
power supply can be kept more constant. Gain control 
ar.a stability of the cathode bxas power supnly unit 
can be maintained up to maximum cathode bias power 
3upply output, m practice, the controlled impedance 
value of the cathode bias load can be selected to 
match the maximum voltage and current output 
capability of the cathode bias power supply unxt, so 
tha full output capacity of the power supply can be 
utilised. 

Thus, the above described apparatus may be used 
with a cathode bias power supply unit which provides a 
voltage feedback signal having a linear relationship 
to the output voltage to said load and a current 
feedback signal having a linear relationship to the 
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output current to said load, and in which said linear 
relationship are such that the- ratio of Che output 
voltage to the output current is equal to said desired 
value of the bias load impedance when the feedback 
voltage signal value is equal to the feedback current 
signal value. Then, said filament supply controller 
may be responsive to minimise the difference between 
said feedback signal values. For this, the filament 
supply controller may include an impedance comparator 
deriving a bias load impedance error signal from the 
difference between the voltage feedback signal and 
current feedback signal from the cathode bias power 
supply unit. 

An example of the present invention will now be 
described with reference to the accompanying drawing 
which is a schematic diagram of an indirectly heated 
cathode -type ion source with separate filament, 
cathode bias and arc power supply units, and bias 
supply and filament supply controllers, therefor. 

Referring to the drawing, an ion source 10 is 
represented schematically. The ion source 10 may have 
the form of the indirectly heated cathode-type ion 
source as disclosed in the above referred 
US-A-5497006. Thus, the ion source 10 comprises an 
arc chamber 11 providing electrically conductive 
interior surfaces, an indirectly heated cathode 
element 12 and a separate filament 13. 

An arc power supply unit 14 applies an arc 
potential between the cathode element 12 and the arc 
30 chamber wall li, with the cathode member 12 biased 
negatively relative to the arc chamber wall 11 . A 
cathode bias power supply unit 15 is connected to 
apply a cathode bias between the cathode member 12 and 
the filament 13, with the filament 13 biased 
3 5 negatively relative to the cathode member 12. A 
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filament power supply unit 16 provides a DC heating 
current through the filament 13. 

The cathode member 12 may be constituted as a 
cylinder 17 extending through an aperture IB in a wall 
of the arc chamber 11 and having an jnner end closed 
by a "button' 19. The filament 13 is located within 
the cylinder 17 near but spaced from the inner face of 
the button 19. 

In operation, the entire ion source structure 10 
is in an evacuated region. A supply of a desired 
feedstock gas is delivered to the interior of the arc 
chamber 11. The filament power supply unit 16 is 
controlled to supply sufficient power to the filament 
13 for this to emit electrons thermionically . The 
cathode bias supply unit 15 is controlled to 
accelerate these emitted electrons to strike and 
deliver energy to the adjacent surface of the button 
19 of the cathode member 12. This energy delivered to 
the button member 19 effectively heats the button 
2 0 member of the cathode 12 the heating power delivered 
to the cathode 12 is mainly dependent or. the power 
delivered by the bias power supply unit 15. 

The cathode member 12 is heated sufficiently so 
as in turn to emit electrons into the interior of the 
25 arc chamber. These emitted electrons are in turn 

accelerated by the electric field produced by the arc 
power supply unit 14. Collisions between these 
accelerated electrons and molecules of the feedstock 
gas within the arc chamber 11 tend to ionise these 
rr.oiecules, increasing the number of available 
electrons and producing a plasma arc within the 
chamber 11. The arc power supply unit 14 controls the 
current flowing in the plasma in the chamber 11. 

In practice, a magnetic field may be provided 
within the arc chamber li to concentrate the plasma in 
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a central region of che chamber. Arrangements for 
this purpose are well known in Chis art. 

In order to function as an ion source, the arc 
chamber 11 has an aperture and ionsfcreated in the 
plasma within the arc chamber are extracted by an 
extraction electrode at a negative potential relative 
to the potential of the arc chamber 11. Again, 
arrangements for extracting ions from the arc chamber 
and producing a required ion beam are well known in 
this art and will not be described further here. 

The arrangement described so far is similar to 
that disclosed in US-A-5497006 . 

Each of the power supply units 14, IS and 16 is a 
programmable power supply having a voltage demand 
15 input 20. 21, 22. which can be set to control the 

maximum output voltage of the respective power supply 
unit. Also, each of the power supply units has a 
respective current demand input 23, '24, 25, which can 
be controlled to set the maximum output current of the 
:c respective power supply unit. Thus, each power supply 
unit will respond to voltage demand and current demand 
signals at its respective inputs, to provide an output 
voltage corresponding to the voltage demand input, 
provided this does not result in the output current 
25 exceeding the current demand input. In practice, the 
programmable power supply unit 14. IS and 16 are 
normally employed in either controlled current or 
controlled voltage modes. In the attached drawing, 
the power supplies are shown operating in controlled 
?C current modes and each has its respective voltage 

demand input set at the highest possible input level. 
In this mode, each power supply operates to set an 
output voltage sufficient to provide the demanded 
input current. 

The voltage demand and current demand input 
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signals to each cf the power supply unit, can vary 
between zero volts, corresponding to zero output 
voltage or current as appropriate, and 5 volts 
corresponding to full scale output Voltage or current. 
In the present case, the arc power supply unit has an 
output voltage range from zero to ISO volts with an 
output current range from 2ero to 7 ampS; the cathode 
bias power supply unit 15 has an output voltage range 

rem zero to 600 volts and an output current range 
from zero to 2 amps, and the filament power supply 
unit 16 has an output voltage range from 0 to 7 5 
vclts and an output current range from zero to 
8 0 amps. 

Each of the power supply units 14. is and 16 also 
provides a voltage feedback signal on a line 26 27 
28. respectively and a current feedback signal on a' 
Une 29. 30 and 31 respectively. These feedback 
signals also have a voltage range between 0 and 5 
volts corresponding to the full scale range of the 
output voltage and current of the power supplies. 
Thus, when the cathode bias power supply unit 15 is 
delivering an output voltage cf 600 volts and ar 
output current of 2 amps, both the voltaae feedback 
and the current feedback signals 27 ar.d 30 are at 5 
volts representing full scale. 

The arc power supply unit 14 is controlled by an 
arc current demand signal (arc I demand) on current 
control input 23. The voltage control incut 20 is set 
at full scale (5 volts). The cathode bias power 
supply unit 15 receives a current demand signal on its 
current control input 24 from a bias supply controller ' 
22. The voltage control input 21 of the cathode bias 
power supply un it 15 is sec ac full scale (g 
The current control input 25 of the filament power 
supply unit 16 receives a current demand signal from a 
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filament supply controller 33. The voltage control 
input 22 of the filament power supply unit 16 is held 
at full scale (5 volts) . - . . 

The bias supply controller 32 iteceives control 
inputs comprising an arc voltage demand signal (arc V 
demand) on a line 34 and the voltage 'feedback signal 
from the arc power supply unit 14 on line 26. The 
filament supply controller 33 receives control inputs 
comprising the voltage feedback signal 27 from the 
cathode bias power supply unit 15 on line 35 and the 
current feedback signal 30 from the bias power supply 
unit 15 on line 36. 

In the arrangement illustrated in the drawing, 
the only external control signals received by the 
system are the arc voltage demand on line 34 and the 
arc current demand on input 23 . 

The bias supply controller 32 provides power 
demand control to the cathode bias power supply unit 
15. As explained above, the arc power supply unit 14 
responds to the arc current demand on input 23 to 
provide sufficient output voltage from the power 
supply unit to produce an output current corresponding 
zo the demanded current represented by arc I demand, 
so long as the voltage needed to produce this arc 
current is less than the full scale output voltage of 
the power supply unit, here 150 volts. 

Assuming the ion source is operating with a 
plasma formed in the arc chamber 11, arc current can 
flow and the arc voltage required will depend on the 
3 0 impedance of the plasma. This output arc voltage on 
line 26 is compared in a comparator 37 with the 
required arc voltage represented by arc V demand on 
line 34. Any difference between the actual arc 
voltage and the required arc voltage produces an error 
3 5 signal on line 38, which is conditioned by a three 
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:erm {Pr °P°rtional Integral Derivative - P i D ) fu-er 
39. The PID filter 3 9 includes an integrating term 
and produces a signal on line 40 which functions as a 
power demand signal for the cat hod* bias power supply 
unit IS. • Y 

A current demand signal on control input "M of 
che cathode bias power supply unit 15 controls the 
Power supply to provide an output voltage sufficient 
to produce the demanded output current between the 
filament 13 and the cathode member 12 in the ion 
source, so long as the required output voltage of th~ 
bias power supply unit does net exceed the full scale 
output voltage, here 600 volts. The values of output 
voltage and output current produced by the cathode 
bias power supply unit is are represented by 
respective feedback signals on lines 27 and 30 
connected to a multiplying unit 4 1 which produces a 
signal on line 42 representing the product of the 
output voltage and output current, that is the output 
power of the cathode bias power supply unit 15. This 
power signal on line 42 is compared in a comparator 43 
with the power demand signal on line 40. A bias oower 
error signal on hne 44 corresponds to anv differ-no 
between the actual power delivered by the power supply 
unit 15 and the demanded power represented by the 
signal on line 40. This error signal is then 
conditioned by a further PID filter 45. which also 
incorporates an integrator, to produce the current 
aemand signal supplied to the current control input 24 
of the power supply unit 15. 

The feedback loop illustrated in bias supply 
controller 32, operates to maintain the output powe>- 
of the cathode bias power supply unit 15 substantially 
equal to the demanded power on line 40, which is in 
turn dependent on the difference between the demanded 
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arc voltage and Che actual arc voltage delivered by 
the arc power supply unit 14. As can be seen, Che 
cathode bias power supply unit IS has in effect an 
internal power control loop which serves to maintain 
the power delivered by the bias power supply unit IS 
co the cathode bias load substantially constant, 
irrespective of possible changes in the impedance of 
chis load, as may occur due to change in chemistry 
within the arc chamber of the ion source, changes in 
gas pressure, or physical changes .in the cathode 
structure . 

The PID filter 45 in the power control loop of 
the bias supply controller 32 can provide a very fast 
response since the cathode bias load, formed by the 
electron flow between the filament 13 and the button 
19 of the cathode member 12, has no significant 
thermal inertia. As a result, the power control loop 
of the bias supply controller 32 ensures that the 
effective power delivered to the cathode responds very 
quickly both to any change in the cathode bias load 
impedance, and to any change in the power demand on 
line 40, resulting from a change in the arc 
parameters . 

In this way. the arc in the plasma chamber 
(between che cachode member 12 and the plasma chamber 
walls 11) can be controlled accurately with a very 
short time constant. 

As mentioned above, various changes in the ion 
source may result in changes in the cathode bias load 
30 impedance. The filament supply controller 33 operates 
to control the power delivered to the filament 13 so 
as to minimise any such variations in the cathode bias 
load impedance. However, because of the thermal 
inertia of the filament 13, the filament supply 
controller 33 operaces with a relatively slower 
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response to maintain stability. 

In the described example th<» <-*ru * u- 

-Put voltage of the SUpP l y unic 

"e desxred cathode load impedanc- i or „ 

3=0 oh™ ln the P re«„ t e,a' pla Sin ™ r ? " 

and current feedback sig „al 3 „„ Un^ /lY^T 

the cathode bias power supply un " 3 ° £r <"" 

Q ~ 3 -> , u HFJ-y un^t 15 provide full 

\=\ 5 V ° ltS C «~P»-^ « the abot 

cnat the load impedance on the catho^ w 

supply unit is i cathode bias power 

<ZL u ^ 300 ° hms if th * voltage 

Redback sxgnal on line 27 is equal to r . 9 

Redback signal on line 30. ^ '""^ 

-ppiLT 6 T"" V ° lta9e f6edback -^1- are 
-PPlxed on Lnes 35 and 36 to a comparator 46 in the 
; -ent supply conCroUer 33 ^ 

e a C n°d rreS r ndS " >™ 
c, ent and voltage feedback signals, and therefore 

~r sponds to an error in the load impedance of the 

-a.noae bias power supply ur-r m ,u 

-■* ers £r °m 300 ohms (in t>-e n-*«»„,- , , 

— o- sin n=i u P-fisent example). This 

;:; ;. l9nal on the line 47 * su PP i ied to a further 

P-3 filter 43 which irrlu.. 

. deludes an integrator and 

ard ? M feedback signal on line 2 a 

«» -he Uament current £ee=back , 

« D ; p : 1° a muuipuer unu 50 ^ 

-pp. c ntroller 33. ttnich produMS . ^ 

"d o puc S Pr0d ' J=t ° f "» -Itage 

d - a 3u tput current of the fii amnn . 

-c - filament power supply unit 

^ anc hence the powe- outm-r 

y e - output of the supply is Thie 
Power signal on i ine 5 - <8 r PP * Thls 

wi-H t J V compared in a comparator 52 

t... power dema nd signal on line 49. A signal 
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representing any difference between the actual power 
and the demanded power of the filament power supply 
unit 16 is supplied on a line S3 to a further PID 
filter 54 including an integrator, wjqdch produces a 
current demand signal for supply to the current 
control input 25 of the filament power supply unit 16. 

In this way, the current supplied by the power 
supply unit 16 is adjusted so that the total power 
from the filament power supply unit 16 corresponds to 
the demanded power on line 49. This demanded power on 
line 4 3 in turn is such as to maintain the cathode 
bias load impedance at the predetermined constant 
value (here 300 ohms). 

As mentioned above, the PID filters 48 and 54 in 
the filament supply controller 33 are arranged to be 
relatively slower acting, to match the time constant 
of the filament 13 resulting from the thermal inertia 
of the filament. 

Importantly, any change in the impedance of the 
0 filament 13 is automatically compensated for by the 
internal power control loop in the filament supply 
controller 33 . 

Further, by controlling the filament power to 
maintain the cathode bias impedance constant, the 
5 cathode bias power supply unit 15 can operate over a 
wide output power range without saturating. 

Importantly also, there is no need for any 
external control signals to the supply controllers in 
addition to arc V demand and arc I demand. 
0 The above example of the invention has been 

described with reference to individual components such 
as comparators, PID filters and multipliers. However, 
the functions of both the bias supply controller 32 
and the filament supply controller 33 can be embodied 
5 as a Digital Signal Processor suitably programmed to 
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provide the required functions as described above. 

Although in the above example the arc power 
supply unit 14 receives an arc current demand signal 
on current control input 23 and the resulting arc 
voltage is then compared with the arc voltage demand 
signal in a comparator 37 of the bias supply 
controller 32. these two operations could be reversed 
Thus, the arc voltage demand could be supplied 
directly to the voltage control input 20 of the arc 
power supply unit 14, with the current control input 
=3 held at the full scale 5 volts. Then the current 
feedback signal on line 29 is compared with the arc 
current demand to control the cathode bias supply unit 

Similarly, although the above described example 
has the current control input 24 of the cathode bias 
power supply unit 15 controlled by the bias supply 
controller 32. and the voltage control input 21 held 
at full scale 5 volts, these two controls could be 
reversed so that the current control input is held at 
5 volts and the control input from the bias supply 
controller 32 is supplied to the voltage control input 

Again the control inputs 22 and 25 of the 
filament power supply unit 16 could also be reversed. 
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CLAIMS : 

1 . Power control apparatus for controlling power 
supplies of an indirectly heated cathode-type ion 

5 source, the apparatus comprising a bias supply 
controller responsive to a difference between a 
parameter of the arc power supply and a demand value 
of said parameter to produce a bias power demand 
signal representing an output power of the cathode 
10 bias power supply unit required to minimise said 
difference and is further responsive to said bias 
power demand signal to maintain said output power of 
said cathode bias power supply unit at said required 
power. 

15 

2. Apparatus as claimed in Claim 1, wherein said arc 
power supply parameter is the output voltage of said 
arc power supply unit. 

2 0 3. Apparatus as claimed in Claim 1, wherein said arc 

power supply parameter is the output current of said 
arc power supply unit. 

4 . Apparatus as claimed in any preceding claim for 
25 use with a cathode bias power supply unit which 

provides a bias voltage feedback signal representing 
the output voltage of the supply unit and a bias 
current feedback signal representing the output 
current of the supply unit, wherein the bias supply 

3 0 controller includes a bias multiplier deriving a bias 

power feedback signal from the product of said bias 
voltage and bias current feedback signals, a bias 
power comparator deriving a bias power error signal 
from the difference between said bias power feedback 
3 5 signal and said bias power demand signal, and a bias 
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power error conditioning filter, including an 
integrator, to condition said bias power error signal 
to apply as an output control signal to -said cathode 
bias power supply unit, to control the output of the 
supply unit to reduce said bias power error signal. 

5. Apparatus as claimed in any preceding claim, 
wherein said bias supply controller includes an arc 
parameter comparator deriving an arc parameter error 
signal from said difference between said arc parameter 
and said demand value of said arc parameter, and an 
arc parameter error conditioning fil Cer , including an 
integrator, to condition said arc parameter error 
signal to provide said bias power demand signal. 

6. Apparatus as claimed in any preceding claim, 
wherein the apparatus further comprises a filament 
supply controller responsive to an error in a 
parameter of the bias power supply relative to a 
desired value of said parameter to produce a filament 
power demand signal representing an output cower of 
the filament power supply unit required to minimise 
said error and is further responsive to said filament 
power demand signal to maintain said output power of 
said filament power supply unit at said required 
power . 

7. Power control apparatus for controlling oowe*- 
supplies of an indirectly heated cathode-type ion 
scurce, as hereinbefore defined, having a filament 
power supply unit, a cathode bias power suoply unit 
and an arc power supply unit, the apparatus comprising 
a filament supply controller responsive to an e-ror in 
a parameter of the bias power supply relative to a 
desired value of said parameter to produce a filament 
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power demand signal representing an output power of 
the filament power supply unit required to minimise 
said error and is further responsive to j3*id filament 
power demand signal to maintain said output power of 
5 said filament power supply unit at said required 
power . 

8. Apparatus as claimed in either of Claims 6 or 7, 
for use with a filament power supply unit which 

10 provides a filament voltage feedback signal 

representing the output voltage of the filament supply 
unit and a filament current feedback signal 
representing the output current of the filament supply 
unit, wherein the filament supply controller includes 

15 a filament multiplier deriving a filament power 

feedback signal from the product of said filament 
voltage and filament current feedback signals, a 
filament power comparator deriving a filament power 
error signal from the difference between said filament 

20 power feedback signal and said filament power demand 
signal, and a filament power conditioning filter 
including an integrator to condition said filament 
power error signal to apply as an output control 
signal to said filament power supply unit to control 

25 the output of the supply unit to reduce said filament 
power error signal. 

9. Apparatus as claimed in any of Claims 6 to 8, 
wherein said filament supply controller includes a 

30 bias parameter error conditioning filter, including an 
integrator, to condition a bias parameter error signal 
to provide said filament power demand signal. 

10. Apparatus as claimed in any of Claims 6 to 9, 

2 5 wherein said bias power supply parameter is the output 



WO 99/04409 



- 23 



PCT/CB98/02075 



voltage of said cathode bias power supply unit, and 
said error is the difference between said output 
voltage and a desired value of said output voltage. 

11. Apparatus as claimed in any of Claim* 6 to 9 
wherein said b:as power supply parameter is the output 
current of said cathode bias power supply unit, and 
said error is the difference between said output 
current and a desired value of said output current. 

12. Apparatus as claimed in ar .y of Claims 6 to 9 
wherein said bias power supply parameter is the 
impedance of the load supplied by the cathode bias 

power supply unit. 

13. Apparatus as claimed in any of Claims 1 to S 
wherein the apparatus further comprises a filament 
supply controller responsive to a signal representing 
the impedance of the lead supplied by the cathode bias 
power supply unit to adjust said filament supply to 
maintain said bias load impedance at a desired value. 

14. Power control apparatus for controlling power 
supplies of an indirectly heated cathode- type ion 
source, as hereinbefore defined, having a filament 
power supply unit, a cathode bias power supoly unit 
and an arc power su PF ly unit, the apparatus comprising 
a ^lament supply controller responsive to a signal 
representing the impedance of the load supplied by the 
cathode bias power supply unit to adjust said filament 
supply to maintain said bias load impedance at a 
desired value. 



15. Apparatus as claimed in any of Claims 12 to 14 
for use with a cathode bias power supply unit which' 
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10 



15 



provides a voltage feedback signal having a linear 
relationship to the output voltage to said load and a 
current feedback signal having « i inear ^Utionship 
to the output current to said load, and in which said 
linear relationships are such that the rat'io of the 
output voltage to the output current is equal to said 
desired value of the bias load impedance when the 
feedback voltage signal value is equal to the feedback 
current signal value, wherein said filament supply 
controller is responsive to minimise the difference 
between said feedback signal values. 

16. Apparatus as claimed in Claim 15. wherein the 
filament supply controller includes an impedance 
comparator deriving a bias load impedance error signal 
from the difference between the voltage feedback 
signal and the current feedback signal from the 
cathode bias power supply unit. 
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